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Objective: We conducted a randomized controlled trial of adjuvant
interferon therapy in patients with predominantly hepatitis B-related
hepatocellular carcinoma (HCC) to investigate whether the progno-
sis after hepatic resection could be improved.
Summary Background Data: Recurrence is common after hepatic
resection for HCC. Interferon possesses antiviral, immunomodula-
tory, antiproliferative, and antiangiogenic effects and may be an
effective form of adjuvant therapy.
Patients and Methods: Since February 1999, patients with no
residual disease after hepatic resection for HCC were randomly
assigned with stratification by pTNM stage to receive no treatment
(control group), interferon alpha-2b 10 MIU/m2 (IFN-I group) or 30
MIU/m2 (IFN-II group) thrice weekly for 16 weeks. Enrollment to
the IFN-II group was terminated from January 2000 because adverse
effects resulted in treatment discontinuation in the first 6 patients. By
June 2002, 40 patients each had been enrolled into the control group
and IFN-I group. The baseline clinical, laboratory, and tumor char-
acteristics of both groups were comparable.
Results: The 1- and 5-year survival rates were 85% and 61%,
respectively, for the control group and 97% and 79%, respectively,
for the IFN-I group (P � 0.137). After adjusting for the confounding
prognostic factors in a Cox model, the relative risk of death for
interferon treatment was 0.42 (95% CI, 0.17–1.05; P � 0.063).
Exploratory subset analysis showed that adjuvant interferon had no
survival benefit for pTNM stage I/II tumor (5-year survival 90% in
both groups; P � 0.917) but prevented early recurrence and im-
proved the 5-year survival of patients with stage III/IVA tumor from
24% to 68% (P � 0.038).
Conclusion: In a group of patients with predominantly hepatitis
B-related HCC, adjuvant interferon therapy showed a trend for

survival benefit, primarily in those with pTNM stage III/IVA tu-
mors. Further larger randomized trials stratified for stage are needed.

(Ann Surg 2007;245: 831–842)

Hepatocellular carcinoma (HCC) is common worldwide,
particularly in Asia where chronic hepatitis B virus

(HBV) infection is the most common etiology.1 Potentially
curative treatments for HCC include liver resection, liver
transplantation, and local ablative therapy.2 Among these,
liver resection is regarded as a standard treatment that offers
a chance of cure for patients with anatomically localized
tumors and preserved liver function. With advances in surgi-
cal techniques and perioperative management, the short-term
outcome of liver resection has dramatically improved over
the last decade.3 The long-term prognosis, however, remains
guarded because of frequent development of locoregional
tumor recurrence, which, together with concomitant hepatic
decompensation, is the main cause of death. Recurrence in
the liver remnant may originate from metastasis from the
primary tumor or multicentric new primaries in a cirrhotic
liver.4 DNA fingerprinting and HBV integration suggested
that both mechanisms can contribute to the development of
recurrence.5–7 Hence, the ideal agent for adjuvant treatment
should have both tumoricidal and chemopreventive effects.

Interferons are cytokines possessing a variety of bio-
logic properties, including antiviral, immunomodulatory, an-
tiproliferative, and antiangiogenic effects.8–10 Interferon is
effective in suppressing the replication of HBV and is the first
agent approved for the treatment of chronic HBV infection.
Response to interferon treatment is associated with improved
clinical outcome and less cirrhosis-related complications,11

and long-term studies suggested that it may decrease the rate
of HCC in patients with HBV-related cirrhosis.12,13 In addi-
tion, interferon has tumoricidal effect against a number of
tumors including HCC. Two randomized trials from Hong
Kong14,15 showed that high doses of interferon induced more
tumor regression and better survival as compared with con-
servative management or adriamycin in Chinese patients with
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inoperable HCC that was predominantly HBV-related.
Hence, we hypothesized that adjuvant therapy with interferon
might be of benefit to patients who underwent resection of
HCC owing to a combination of its modulating effect on
hepatic function, tumoricidal effect on residual tumor cells, or
chemopreventive effect on multicentric hepatocarcinogen-
esis. The beneficial effect of adjuvant interferon therapy was
suggested by some retrospective as well as small-scale pro-
spective studies.16,17 Accordingly, we conducted a random-
ized controlled trial to evaluate the safety and efficacy of
adjuvant interferon therapy after hepatic resection in a group
of patients with predominantly HBV-related HCC.

PATIENTS AND METHODS

Patients
Consecutive patients aged between 18 and 75 years

who underwent elective curative hepatic resection for pri-
mary HCC from February 1999 were considered for entry
into this single-center, open-label, randomized trial of post-
operative adjuvant interferon therapy. Our selection criteria
and technique of hepatic resection have been described pre-
viously.3 At the time of surgery, intraoperative ultrasonogra-
phy was routinely performed to verify whether all macro-
scopic disease had been extirpated. At 1 month after surgery,
a 3-phase contrast-enhanced computed tomography (CT)
scan was performed. Hepatic resection was considered cura-
tive only when the histologic resection margin was clear and
the postoperative CT scan showed no residual tumors at 1
month after surgery.

Eligible patients were excluded if they refused to par-
ticipate or had one or more of the following criteria: history
of previous treatment by regional or systemic chemotherapy,
hormonal therapy or immunotherapy, history of psychiatric
illness, poor hepatic function (presence of hepatic encepha-
lopathy, ascites not controlled by diuretics, history of variceal
bleeding within the last 3 months, a serum total bilirubin level
over 50 �mol/L, a serum albumin level below 30 g/L or a
prothrombin time of more than 4 seconds over the control),
serum creatinine level over 180 �mol/L, absolute neutrophil
count �1.5 � 109/L or platelet count �75 � 109/L, or poor
performance status (Eastern Cooperative Oncology Group
performance status rating18 grade 3 or 4).

Study Design
The study was initially designed to test the efficacy of

2 different dosages of adjuvant interferon therapy. At 1
month after hepatic resection, eligible patients were randomly
assigned in equal numbers to receive no treatment (control
group), interferon alpha-2b (Intron-A, Schering-Plough, Ke-
nilworth, NJ) 10 MIU/m2 subcutaneously 3 times weekly for
16 weeks (IFN-I group), or interferon alpha-2b 30 MIU/m2

subcutaneously 3 times weekly for 16 weeks (IFN-II group).
Because of adverse effects that resulted in discontinuation of
interferon treatment in all the first 6 patients assigned to the
IFN-II group, the Institutional Review Board agreed in Jan-
uary 2000 that further enrollment of patients to this treatment
arm would be unethical and should be stopped. A revised
protocol was then approved to continue the trial with 2

treatment groups (control and IFN-I groups) only, and the
sample size in each remained unchanged.

Patients assigned to the interferon therapy group re-
ceived treatment in hospital immediately after randomization
within 60 days after surgery. Interferon was administered
subcutaneously 3 times weekly starting with 2 doses each of
one third and then two thirds of full dose escalating to full
dose by the fifth dose. Oral acetaminophen 500 mg was given
before each of the first few doses of interferon and then every
6 hours if necessary. Patients tolerating the interferon therapy
and in stable condition were discharged from hospital and
were treated by self-injection at home or at outpatient clinic.
The dosage was reduced by one half or more for patients with
significant neutropenia �1 � 109/L, thrombocytopenia
�50 � 109/L, or other grade 3 adverse effects. Interferon
treatment would be discontinued if severe adverse effects
continued or when recurrence was detected.

Randomization
Randomization was performed with stratification ac-

cording to International Union Against Cancer pathologic
tumor-node-metastasis (pTNM) stage19 (5th edition, 1997) on
histology (pTNM stages I/II and III/IVA) by drawing con-
secutively numbered sealed envelopes and implementation
was ensured by a research assistant. The use of placebo to
maintain double blinding was considered impractical because
of the almost universal side effect of flu-like syndrome during
initial interferon treatment. The study was conducted accord-
ing to guidelines as stated in the Declaration of Helsinki and
the protocol was approved by the Institutional Review Board.
Patient’s decision to participate in the study was voluntary
and informed consent was obtained from each patient.

Assessment of Outcome
Because interferon possesses antiviral, immunomodu-

latory, antiproliferative, and antiangiogenic effects, it might
potentially alter the outcome of the study patients not only by
preventing recurrence but by modulating the behavior of
recurrence and liver function. Hence, both recurrence and
survival rate calculated from the date of operation were the
primary outcome measures. Secondary outcome measures
included patient tolerance, virologic response, and liver func-
tion. Prescription cards for interferon treatment were issued
and patients were asked to record each dose administered. All
patients were followed at the outpatient clinic weekly for 16
weeks, monthly for the first year and then with increasing
intervals. At each visit to the clinic, the adverse effects were
documented and blood tests were taken for complete blood
counts, coagulation profile, and renal and liver function.
Serum alpha-fetoprotein, hepatitis B virus serology, in-
cluding hepatitis B surface antigen (HBsAg), hepatitis B
antigen (HBeAg), and HBV DNA (Cobas Amplicor, Roche
Diagnostics, Branchburg, NJ), chest radiography, and con-
trast-enhanced 3-phase CT scan were performed every 3
months. Patients with suspected recurrent disease would be
investigated by further imaging studies, and histologic or
cytologic confirmation would be obtained if possible. When
recurrence was confirmed, adjuvant treatment would be
stopped and the patient treated with various therapeutic mo-
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dalities as deemed appropriate. In general, reresection by
partial hepatectomy and local ablation by intralesional alco-
hol injection, cryotherapy or more recently, radiofrequency
ablation were the preferred approaches. Patients with unre-
sectable and nonablatable recurrence who fulfilled special
criteria were considered for liver transplantation. Transarte-
rial lipiodol chemoembolization was performed for other
patients who had adequate hepatic reserve. Follow-up was
continued through January 1, 2005 when all surviving pa-
tients had a minimum follow-up of 30 months.

Statistical Analysis
At the time of planning, it was decided that a sample

size of 40 patients per treatment group would provide the
study with a statistical power of 80% at the 0.05 level of
significance to detect a reduction in recurrence rate from 60%
to 30%.20 The sample size per treatment group remained

unchanged when the protocol was revised in the year 2000.
Comparison between groups was made on an intention-to-
treat basis. Continuous variables were expressed as median
(range) and compared using the Mann-Whitney U test. Cat-
egorical variables were compared using the �2 test or Fisher
exact test. Survival and recurrence-free survival were mea-
sured from the date of operation to the time of death and to
the time when recurrent tumor was first diagnosed, respec-
tively. Since transplantation as a salvage therapy could pre-
vent death due to recurrent tumor or hepatic decompensation,
it was regarded as a terminal event. The event was uncom-
mon and the date of transplant was taken as the date of death.
All-cause mortalities were included in the calculation of
survival and disease-free survival. Survival rate was esti-
mated by the life-table method and compared with the use of
log-rank test. Univariate analysis was performed to identify

FIGURE 1. Flow diagram of the
progress of the trial.
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the prognostic indicators for survival in the study patients.
The confounding effect of these prognostic factors was as-
sessed by including them with interferon treatment in a Cox

proportional hazard model to assess the adjusted risk ratio for
survival. Statistical analysis was performed with the SPSS
(SPSS Inc., Chicago, IL) computer software program.

TABLE 1. Baseline Characteristics of the Study Patients According to Treatment Groups*

Characteristics
Control Group

(n � 40)
IFN-I Group

(n � 40)
IFN-II Group

(n � 6)

Patient characteristics

Age (yr) �median (range)� 54 (24–74) 49 (26–75) 51 (35–64)

Male gender 34 (85%) 31 (78%) 6 (100%)

Viral serology

Positive for anti-HBc 39 (98%) 38 (95%) 6 (100%)

Positive for HBsAg 35 (88%) 37 (93%) 6 (100%)

Positive for HBeAg 10 (25%) 7 (18%) 1 (17%)

Positive for anti-HCV 2 (5%) 1 (3%) 0 (0%)

log (HBV DNA) (log copies/mL)
�median (range)�

4.9 (1.9–7.5) 5.2 (2.3–6.8) 4.7 (3.0–6.6)

log (HBV DNA) �5 18 (45%) 21 (53%) 2 (33%)

Laboratory findings �median (range)�

Hemoglobin (g/dL) 12.7 (8.5–15.5) 13.4 (8.5–15.5) 14 (11.3–15.4)

White blood cell (109/L) 5.6 (3.1–13.6) 6 (3.4–13.8) 5 (3.8–8.5)

Platelet (109/L) 163 (79–471) 159 (89–292) 130 (77–202)

Prothrombin time (sec) 13.3 (11.4–16.2) 13.0 (11.3–16.2) 13.7 (12.4–14.1)

Albumin (g/L) 38 (30–46) 39 (30–46) 38 (31–39)

Bilirubin (�mol/L) 11 (7–34) 10 (6–27) 13 (9–18)

Creatinine (�mol/L) 89 (64–122) 90 (59–128) 84 (75–101)

Alanine aminotransferase (IU/L) 39 (12–234) 39 (13–238) 24 (19–146)

Tumor characteristics

Alpha-fetoprotein (ng/mL) �median (range)� 23 (3–103,540) 126 (2–182,900) 268 (56–23,244)

�20 19 (48%) 15 (38%) 0 (0%)

�20 and �500 11 (28%) 11 (28%) 4 (67%)

�500 10 (25%) 14 (35%) 2 (33%)

Solitary tumor 29 (73%) 33 (83%) 6 (100%)

Tumor size (cm) �median (range)� 5.7 (1.2–18) 5.5 (1.8–22) 5.8 (3–11)

�2 cm 6 (15%) 2 (5%) 0 (0%)

�2 and �5 cm 13 (33%) 18 (45%) 3 (50%)

�5 cm 21 (53%) 20 (50%) 3 (50%)

pTNM stage

I 5 (13%) 2 (5%) 0 (0%)

II 16 (40%) 18 (45%) 1 (17%)

III 13 (33%) 12 (30%) 4 (67%)

IVA 6 (15%) 8 (20%) 1 (17%)

Differentiation*

Well differentiated 7 (18%) 5 (13%) 0 (0%)

Moderately differentiated 22 (55%) 23 (58%) 3 (50%)

Poorly differentiated 8 (20%) 5 (13%) 1 (17%)

Not classified 3 (8%) 7 (18%) 2 (33%)

Venous permeation* 14 (35%) 19 (48%) 5 (83%)

Microsatellite* 16 (40%) 15 (38%) 4 (67%)

Positive resection margin* 0 (0%) 0 (0%) 0 (0%)

Nontumorous liver*

Normal 3 (8%) 4 (10%) 0 (0%)

Chronic hepatitis 18 (45%) 17 (43%) 1 (17%)

Cirrhosis 19 (48%) 19 (48%) 5 (83%)

There were no significant differences between the control group and IFN-I group. Unless otherwise specified, values are number (%) of patients.
*Based on histology.
anti-HBc indicates antibody against hepatitis B core antigen; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B antigen; anti-HCV,

antibody against hepatitis C virus; pTNM, pathologic tumor-node-metastasis.
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The study was initiated, designed, and conducted by the
investigators. Data were collected by a dedicated research
assistant funded by the investigators’ institution and analyzed
by the investigators. The manuscript was also written jointly
by the investigators. Schering-Plough provided the study
medication free of charge but did not offer any other financial
support. Staffs from Schering-Plough had no access to the
data and no role in data analysis or manuscript preparation.

RESULTS

Patients
From February 1999 to June 2002, 255 patients under-

went primary hepatic resection for HCC at the Department of
Surgery, the University of Hong Kong at Queen Mary Hospital
(Fig. 1). Sixty-seven patients were not considered for this study
because of evidence of incomplete resection or residual tumor as
shown on CT scan at 1 month after surgery (52 patients),
hospital mortality (11 patients), or age �18 or �75 years (4
patients). A total of 102 patients who fulfilled the inclusion
criteria were excluded because they refused to participate (66
patients), had previous medical treatment of HCC (15 patients),
or were not suitable as a result of poor hepatic function (7
patients), low white cell or platelet counts (6 patients), poor
performance status (6 patients), or poor renal function (2 pa-
tients). Of the remaining 86 patients, 15 patients who underwent
operation between February 1999 and December 1999 were
randomly allocated to the control group (4 patients), IFN-I group
(5 patients), and IFN-II group (6 patients). Following the termi-
nation of enrollment to the IFN-II group and revision of the
design of the trial in January 2000, 71 additional patients were
randomly allocated to the control group (36 patients) and IFN-I
group (35 patients). For the purpose of the current report,
because there were only 6 patients assigned to the IFN-II group,
comparison will only be made between the control group and the
IFN-I group. The outcome of patients in the IFN-II group would
be described separately.

The baseline characteristics and operative data of the
study patients are presented in Tables 1 and 2, respectively.
There was no significant difference in any of the parameters
between the control group and the IFN-I group. Thirty-five
patients (88%) of the control group and 37 (93%) of the IFN-I
group were seropositive for HBsAg. All except 1 patient
(98%) of the control group and 2 patients (95%) of the IFN-I
group were positive for at least one of the serum markers for
HBV. Only 2 patients (5%) of the control group and 1 (3%)
of the IFN-I group were seropositive for antibody against
hepatitis C virus. Approximately half of all the study patients
were of pTNM stage III or IVA and randomization with
stratification ensured an identical proportion of patients with
pTNM stage I/II or stage III/IVA tumors in each group.
Nineteen patients (48%) of each group had histologic evi-
dence of cirrhosis in the nontumorous liver.

Treatment Tolerance and Side Effects
Two patients allocated to the IFN-I group refused to

continue treatment after 2 and 3 doses of interferon and the
remaining 38 patients showed adherence to the treatment.

Thirty-one patients completed the 16-week course of adju-
vant treatment, but dose reduction was required at some stage
in 22 patients. The median interferon dosage was 16.7 MIU
(range, 14–19.4 MIU) per dose. In the remaining 7 patients,
interferon therapy was stopped prematurely because of recur-
rence in 4 patients and serious adverse effects in 3 patients (1
patient each due to grade 4 lymphopenia, convulsion, and
hepatotoxicity). Flu-like symptoms were almost universally
present and the other adverse effects are listed in Table 3.

TABLE 3. Adverse Effects of Adjuvant Interferon Therapy

IFN-I
Group

IFN-II
Group

Flu-like symptoms 33 6

Alopecia 26 0

Leukopenia 3 0

Neutropenia 21 4

Thrombocytopenia 4 0

Lymphopenia 19 5

Skin rash 6 1

Stomatitis 6 2

Increased alanine aminotransferase
�2.5 � ULN

10 2

Tinnitus 7 0

Anxiety or depression 2 0

Increased bilirubin �1.5 � ULN 1 0

Diarrhea 1 0

Epilepsy 1 0

Impotence 2 0

ULN indicates upper limit of normal.

TABLE 2. Operative Data of the Study Patients According
to Treatment Groups

Control
Group

(n � 40)

IFN-I
Group

(n � 40)

IFN-II
Group
(n � 6)

Operative procedure*

Right hepatectomy 11 13 (1) 3

Right hepatectomy with
middle hepatic vein

6 (1) 4 1

Right trisectorectomy 3 (1) 4 (1) 0

Left hepatectomy 0 2 1

Left hepatectomy with
middle hepatic vein

3 (1) 1 (1) 0

Left lateral sectorectomy 2 3 1

Central bisectorectomy 1 1 0

Segmentectomy 7 6 0

Wedge resection 7 6 0

Operative data

Blood loss (L)
�median (range)�

0.8 (0.1–10.9) 0.9 (0.1–6.4) 1.1 (0.5–15)

Blood transfusion (L)
�median (range)�

0 (0–2.4) 0 (0–2.4) 0 (0–3.6)

No transfusion 33 (83%) 33 (83%) 5 (83%)

*Values in parentheses are number of patients with additional caudate lobectomy.
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Recurrence and Treatment of Recurrence
No patient was lost to follow-up. The cumulative

number of patients with recurrence is presented in Table 4.
There were significantly fewer recurrences at 6 months
after surgery in the IFN-I group (10 of 40 patients vs. 3 of
40 patients; P � 0.034), and this difference in early
recurrence rate was seen only in patients with pTNM stage
III/IVA (8 of 19 patients vs. 2 of 20 patients; P � 0.031)
but not in those with stage I/II tumor (2 of 21 patients vs.
1 of 20 patients; P � 1.0). With longer follow-up, how-

ever, this initial difference in recurrence rate was lost, and
there was no significant difference in the overall disease-
free survival (Fig. 2).

The sites of recurrence included the liver remnant in 17
patients, extrahepatic organs in 4, and both sites in 1 patient
of the control group, and the liver remnant in 12 patients,
extrahepatic organs in 5, and both sites in 4 patients of the
IFN-I group. Recurrences were treated by various modalities
according to the location of recurrence and liver function
(Table 5).

TABLE 4. Comparison of Cumulative Number of Recurrence by
Treatment Groups

Duration of Follow-up (mo)

6 12 18 24 36 48 60

All patients

Control group (n � 40) 10* 12 16 18 20 21 22

IFN-I group (n � 40) 3 9 16 17 20 20 21

pTNM stage I/II

Control group (n � 21) 2 3 5 5 6 7 7

IFN-I group (n � 20) 1 3 4 5 6 6 7

pTNM stage III/IVA

Control group (n � 19) 8† 9 11 13 14 14 15

IFN-I group (n � 20) 2 6 12 12 14 14 14

*P � 0.034, comparing control group to IFN-I group.
†P � 0.031, comparing control group to IFN-I group.
pTNM indicates pathologic tumor node metastasis.

FIGURE 2. Probability of disease-free survival in patients treated with adjuvant interferon therapy (dotted line) and in patients
of the control group (solid line) (log-rank test, P � 0.311).
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Survival
Thirteen patients (33%) of the control group and 8 (20%)

of the IFN-I group had died or underwent transplantation. The
1-, 3-, and 5-year survival rates were 85%, 70%, and 61%,
respectively, for the control group, and 97%, 79%, and 79%,
respectively for the IFN-I group (relative risk of death in the
IFN-I group � 0.53; 95% CI, 0.22–1.275; P � 0.137; Fig. 3).
Univariate analysis identified tumor number, pTNM stage, and
venous permeation on histology as the most significant prognos-
tic factors for survival (Table 6). In the Cox model for survival
that included these 3 confounding factors with interferon treat-
ment, only pTNM stage significantly influenced the time to
death (relative risk of death for pTNM stage III/IVA as com-
pared with stage I/II � 1.94; 95% CI, 1.01–3.75; P � 0.049).
The adjusted relative risk of death for patients treated with
interferon was 0.42 (95% CI, 0.17–1.05; P � 0.063) as com-
pared with that of the control group.

Exploratory analysis for the survival benefit of adjuvant
interferon treatment stratified by pTNM stage was performed.
Adjuvant interferon therapy had no significant effect on the
survival of patients with pTNM stage I/II tumors (1-, 3-, and
5-year survival of 100%, 90%, and 90%, respectively in both
groups; P � 0.917). In patients with stage III/IVA disease,
however, interferon therapy was associated with a significant
improvement in survival (1-, 3-, and 5-year survival of 68%,
47%, and 24%, respectively, in the control group and 95%,
68%, and 68%, respectively, in the IFN-I group; relative risk
of death � 0.38; P � 0.038; Fig. 4). Eleven of 19 patients
(58%) with stage III/IVA tumor in the control group had died
of progressive tumor recurrence (n � 10) or underwent liver
transplantation for intrahepatic recurrence with concomitant
hepatic decompensation (n � 1). Six of 20 patients (30%)
with stage III/IVA tumor in the IFN-I group had died of
recurrent tumor.

Virologic and Biochemical Changes
As only a small proportion of study patients had base-

line serum alanine aminotransferase level �2 times that of
upper limit of normal (7 of 80 patients), positive serology for
HBeAg (17 of 80), or HBV DNA �105 copies/mL (39 of 80
patients), we did not assess the usual biochemical or virologic
response rate of interferon therapy (Table 7). Nonetheless,
interferon therapy induced a significantly greater reduction in
HBV DNA level relative to the baseline and was more likely
to be associated with a �1 log reduction in HBV DNA level
at various time points within the first year of the study period.

TABLE 5. Treatment of Recurrence

Control
Group

IFN-I
Group

Transarterial lipiodol chemoembolization 9 8

Local ablative therapy 5 4

Resection of extrahepatic metastases 1 4

Tamoxifen 3 3

Radiotherapy 0 1

Liver transplantation 1 0

FIGURE 3. Probability of survival in patients treated with adjuvant interferon therapy (dotted line) and in patients of the con-
trol group (solid line) (log-rank test, P � 0.137).
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There was no significant difference in the serum alanine
aminotransferase level or albumin level, but patients who
received interferon therapy had a lower serum bilirubin level
than those of the control group at 3, 6, and 12 months after
operation

Outcome of 6 Patients Allocated to the IFN-II
Group

None of the 6 patients of the IFN-II group completed
the 16-week course of interferon therapy. Two patients re-
fused treatment after 1 and 3 doses of interferon. Interferon
was stopped in the other 4 patients because of grade 3 toxicity
(neutrophil count �1 � 109/L) despite dose reduction. On
subsequent follow-up, 3 patients developed recurrence at 6, 9,
and 16 months after surgery. One died of tumor progression
at 34 months and the other 2 were alive with tumors at 61 and
67 months. Of the remaining 3 patients, 1 patient underwent
liver transplantation for liver failure in the absence of recur-
rence at 24 months and another 1 died of primary lung cancer
proven on histology at 14 months. The last patient was alive
and free of recurrence at 69 months. The survival and dis-
ease-free survival rates at 5 years were 50% and 17%,
respectively.

DISCUSSION
Attempts to improve the long-term outcome with adjuvant

therapy after potentially curative treatment of HCC have pro-

duced limited success.21 Systemic and regional chemotherapy or
chemoembolization has largely been shown to have no survival
benefit in randomized trials.20,22,23 Other adjuvant modalities,
including oral acyclic retinoid acid,24 adoptive immunothera-
py,25 and intraarterial radioiodine therapy,26 have shown prom-
ising benefit in individual trials, usually in small-scale and
preliminary settings. Since the initiation of the present study in
1999, there have been at least 3 reported randomized trials27–29

that have shown positive benefit of adjuvant interferon therapy
after resection or ablation of HCC. All 3 studies, however,
involved small samples with only 10 to 15 patients each in the
control or treatment arm, and there was little consideration of
statistical power in the design. In the 2 studies from Japan27,28

that involved patients with hepatitis C-related HCC, the recur-
rence rates of 80% to 100% at 2 to 3 years in the control group
were unexpectedly high, despite the inclusion of early tumors
�5 cm in diameter only. In the study reported by Lin et al from
Taiwan29 in which 30 patients who were treated by percutaneous
ethanol injection with or without transarterial chemoemboliza-
tion were randomized into 3 groups to receive no treatment,
continuous, or intermittent adjuvant interferon therapy, the au-
thors concluded that interferon therapy was effective in reducing
recurrence in HBV-related HCC but not in hepatitis C-related
HCC. Nonetheless, such a conclusion was only based on 16
patients with HBV-related HCC: 12 receiving adjuvant inter-
feron therapy and 4 in the controlled arm.

TABLE 6. Univariate Analysis of Confounding Variables for Survival

Characteristic
No.

Patients

Probability of Survival (%)

P1 yr 3 yr 5 yr

Tumor size (cm) NS (0.052)

�5 39 95 84 76

�5 41 88 66 66

Tumor number 0.04

Single 62 95 78 78

Multiple 18 78 61 —

pTNM stage �0.001

I/II 41 100 90 90

III/IVA 39 82 59 47

Venous permeation 0.003

Absent 47 100 87 81

Present 33 79 57 57

Alpha-fetoprotein (ng/mL)* NS (0.437)

�20 34 94 79 72

�20 46 91 71 71

Serum alanine aminotransferase (IU/L)* NS (0.336)

�53 57 93 77 72

�53 23 87 70 70

Histologic evidence of cirrhosis NS (0.847)

Absent 42 91 74 74

Present 38 92 76 66

HBV DNA at randomization (copies/mL) NS (0.102)

�105 38 92 87 87

�105 39 91 69 63

*Upper limit of normal: alpha fetoprotein, 20 ng/mL; alanine aminotransferase, 53 IU/L.
pTNM indicates pathologic tumor-node-metastasis; NS, not significant.
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Our study was designed to involve a larger sample size
and was the first randomized controlled trial that tested the
efficacy of adjuvant interferon therapy in patients with pre-
dominantly HBV-related HCC. Over 95% of the study pa-
tients had evidence of previous HBV infection and 90% were
seropositive for HBsAg. To ensure that the interferon therapy
was truly adjuvant, we have adopted the definition of a
curative resection, as described by Nagasue et al,30 which
included the criteria of a complete resection with clear mi-
croscopic margin and no residual tumor detected on imaging
1 month after surgery. Unlike previous trials,27,29 which had
included patients treated by medical ablation, all patients in
our study had surgical resection and had detailed histologic
examination of the complete tumor and the surrounding
nontumorous liver. Patients could thus be stratified by pTNM
stage for randomization. Since tumor histologic factors and
staging as well as underlying cirrhosis are the most important
predictors of recurrence and survival after hepatic resec-
tion,4,31 the availability of these information allowed us to
detect any other bias in randomization and to estimate the
adjusted treatment benefit by including these confounding
factors in a multivariate model.

The present study did not show a significant effect of
adjuvant interferon therapy on the overall recurrence rate for
the total patient population, but there was a significant reduc-
tion in the incidence of early recurrence and a trend toward a
reduction in the adjusted hazard of death by over 50% in
patients who had received adjuvant interferon. Exploratory
subset analyses after stratification by pTNM stage showed

that patients with pTNM stage III and IVA tumors benefited
from adjuvant interferon treatment with prevention of early
recurrence and statistically significant improvement in sur-
vival. As these were unplanned subset analyses, the results
must be interpreted with caution. Nonetheless, there were 39
patients in the subset of stage III and IVA tumors in our trial,
which was more than the total number of study patients in any
of the 3 previously reported randomized trials.27–29 The
significant increase in survival in this subset of patients who
are known to have very poor prognosis is highly clinically
relevant. The survival rate of the controlled group of patients
with pTNM stage III and IVA tumors in our study (5-year
survival rate of 24%) was comparable to what we have
previously reported in patients with HBV-related HCC (5-
year survival rate of 32% for pTNM stage III and 5% for
stage IVA).31 Adjuvant interferon therapy after surgery for
these relatively advanced tumors resulted in a remarkable
improvement in 5-year survival rate to 68%. This survival
benefit of interferon therapy could be attributed to its efficacy
in preventing early recurrence. A previous study has shown
that early recurrence carried a much worse prognosis, and
patients with early recurrence had a median survival that was
only half of that of patients with late recurrence.4 Our data
also suggested the efficacy of adjuvant interferon in suppress-
ing viral replication and in modulating liver function. The
significance of this mode of action in contributing to the
survival benefit is uncertain. Theoretically, modulation in
liver function may not only affect survival directly but indi-

FIGURE 4. Probability of survival in patients with pTNM stage III/IVA tumors treated with adjuvant interferon therapy (dotted
line) and in patients of the control group (solid line) (log-rank test, P � 0.038).
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rectly by influencing the patient’s tolerance of various treat-
ments for recurrence.

Recurrence due to metastatic disease presents early and
that of multicentric primaries presents late. In a randomized
trial on adjuvant interferon therapy in patients who underwent
resection of solitary hepatitis C-related HCC less than 5 cm in
diameter, Kubo et al28 showed that treatment prevented late
recurrence that developed 2 years after operation but had no
effect on early recurrence, suggesting that the benefit of
adjuvant interferon in these patients was largely on suppres-
sion of multicentric recurrence. In contrast, our study in-
cluded mostly HBV-related HCC and about 50% of the
tumors were larger than 5 cm in diameter or of pTNM stage
III/IVA. All the prognostic factors for survival identified on
univariate analysis were related to tumor characteristics but
not to the viral activity or presence of liver cirrhosis. On
multivariate analysis, the pTNM stage was the only signifi-
cant prognostic factor for survival, indicating that in this
group of patients with HBV-related HCC, recurrence due to
metastasis from a more advanced primary tumor was a more
important issue than multicentric primaries in a cirrhotic liver
remnant. The ability of adjuvant interferon treatment to

prevent early recurrence and to improve survival only in
patients with more advanced pTNM stage III/IVA tumors
suggested that its action was likely to be related to its
antiproliferative or antiangiogenic effect in suppressing the
growth of micrometastases. The mechanism of interferon
alpha on inhibition of metastasis and recurrence after resec-
tion of human HCC xenografts in nude mice was shown to be
mediated by antiangiogenesis through down-regulating ex-
pression of vascular endovascular growth factor.10 Although
it would be premature to conclude that the beneficial effects
of adjuvant interferon therapy in HBV-related HCC are
limited to patients with pTNM stage III or IVA tumors and
not stage I or II tumors, the relatively low incidence of
recurrence (33%) and a 5-year survival of 90% in the control
arm of our patients with pTNM stage I/II tumors would make
it necessary to have a much larger sample size to enable any
adjuvant therapy to confer a statistically significant clinical
benefit.

The mode of recurrence and the primary target of
adjuvant interferon therapy may also be related to the dosage
and duration of treatment. Previous randomized trials mostly
in patients with HCV-related HCC had used a relatively low

TABLE 7. Comparison of Virologic and Biochemical Changes by Treatment Groups

Control Group IFN-I Group

P
No.

Patients Median (range)
No.

Patients Median (range)

Virologic changes

Log change in HBV DNA*

3 mo 35 �0.2 (�2.5 to 1.1) 36 �0.8 (�3.3 to 2.4) 0.033

6 mo 32 0.0 (�3.9 to 2.3) 35 �1.4 (�3.9 to 1.4) 0.002

9 mo 27 0.0 (�3.8 to 1.5) 34 �0.9 (�3.6 to 1.0) 0.005

12 mo 27 0.0 (�3.8 to 2.0) 35 �0.7 (�3.4 to 4.4) 0.049

Log change in HBV DNA ��1†

3 mo 35 10 (29%) 36 18 (50%) 0.065

6 mo 32 9 (28%) 35 20 (57%) 0.017

9 mo 27 6 (22%) 34 17 (50%) 0.026

12 mo 27 6 (22%) 35 17 (49%) 0.033

Biochemical changes

Bilirubin (�mol/L)

3 mo 40 12 (5 to 436) 40 9.5 (3 to 39) 0.01

6 mo 38 15 (6 to 524) 40 10 (4 to 35) 0.032

9 mo 34 15 (7 to 549) 40 12 (2 to 29) 0.104

12 mo 32 16 (1 to 45) 40 12 (3 to 32) 0.017

Albumin (g/L)

3 mo 40 39 (27 to 45) 40 38 (23 to 44) 0.078

6 mo 38 40 (23 to 47) 40 38 (28 to 47) 0.217

9 mo 34 39 (22 to 47) 40 42 (28 to 48) 0.081

12 mo 32 41 (28 to 47) 40 42 (25 to 49) 0.122

Alanine aminotransferase (IU/L)

3 mo 40 37 (12 to 399) 40 40 (19 to 180) 0.158

6 mo 38 44 (12 to 310) 40 35 (16 to 168) 0.345

9 mo 34 47 (12 to 324) 39 40 (13 to 504) 0.364

12 mo 32 44 (14 to 239) 40 42 (13 to 335) 0.803

*Log (HBV DNA level divided by HBV DNA level at baseline).
†Values are number (%) of patients.
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dosage of interferon (9–18 MIU per week) for prolonged
period (24–36 months).27–29 In nude mice bearing human
HCC xenografts, systemic interferon therapy has been shown
to have a dose-dependent inhibitory effect on tumor growth,
recurrence, and metastasis.32 Among previous studies on
interferon treatment of inoperable HCC, only 2 reports14,15

using very high doses of interferon (60–150 MIU/m2 per
week) had demonstrated significant tumor regression and a
survival benefit in patients with HBV-related HCC. Hence, in
our initial design of the present trial, we decided to use a
higher dosage of interferon, including a very high dosage
group of 30 MIU/m2 thrice weekly. This very high dosage of
interferon proved to be poorly tolerated by the postoperative
patients, resulting in premature discontinuation of treatment
in all patients and termination of this treatment arm. The
lower dosage of 10 MIU/m2 thrice weekly was better toler-
ated, but dose reduction was still required in many patients.
Considering patient compliance and the relative importance
of metastatic recurrence, we avoided prolonged course of
treatment in the present trial and had administered interferon
for 16 weeks, which was the usual duration of treatment of
chronic hepatitis B.11,33 Whether the beneficial effect of
adjuvant interferon can be extended by a more prolonged
course of treatment remains to be defined. The efficacy of
pegylated form of interferon, which has better pharmacoki-
netics,34 more convenient once-weekly dosing, and superior
clinical results in patients with chronic hepatitis B,35 deserves
further investigation.

CONCLUSION
This trial of adjuvant interferon therapy in a group of

patients who underwent hepatic resection for predominantly
HBV-related HCC suggests that the subgroup of patients with
high-risk tumors (pTNM stage III or IVA) are likely to
benefit from a 16-week course of treatment. Further random-
ized trials stratified for stage are warranted to verify these
findings and to investigate the optimal dosage and duration of
the adjuvant treatment.
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